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deep inelastic scattering
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deep inelastic scattering
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→ Hadron Tensor has
structure functions
F1, F2

Compton Amplitude

→ Compton Amplitude
has Lorenzt-scalar
functions T1, T2

Fi =
1
2π ImTi
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twist and ope

→ Non local operator in terms of a series of local operators
→ N = c1O1 +

c2
Q2O2 +

c3
Q4O3 + · · ·

“Handbag” Diagram

Twist 2 or Leading Twist
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twist and ope

→ Non local operator in terms of a series of local operators
→ N = c1O1 +

c2
Q2O2 +

c3
Q4O3 + · · ·

“Handbag” Diagram

Twist 2 or Leading Twist

“Cat’s Ears” Diagram

Higher Twist
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compton amplitude in experiment

Tµν=ρss′
∫
d4ξeiq·ξ⟨p,s′ | TJµ(ξ)Jν(0) |p,s⟩

→ Two photon exchange part of Hydrogen
spectroscopic transition’s contribution to proton
charge radius uncertainty

→ Unpolarised Compton amplitude proton neutron
difference contribution to P-N mass splitting

→ Subtraction term T(ω = 0,Q2)

• Muonic hydrogen lamb shift uncertainty
• P-N self energy uncertainty
• Reggeon dominance hypothesis
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compton amplitude

Tµν = ρss′

∫
d4ξeiq·ξ ⟨p, s′ | TJµ (ξ) Jν (0) |p, s⟩

=

(
−gµν +

qµqν

q2

)
T1 +

(
pµ −

1
2ωqµ

)(
pν −

1
2ωqν

) T2
ν

+ ϵµναβqα

[sβ
ν
G1 +

νMsβ − s · qpβ

ν2
G2

]

where

ν = p · Q

ω =
2p · Q
Q2

restrict to a subset

p3 = q3 = 0
µ = ν = 3

ρ =
1
2I
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compton amplitude

T33 =
∫

d4ξeiq·ξ ⟨p, s′ | TJ3 (ξ) J3 (0) |p, s⟩

= T1
(
ω,Q2)

where

ν = p · Q

ω =
2p · Q
Q2

restrict to a subset

p3 = q3 = 0
µ = ν = 3

ρ =
1
2I
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moments

Via dispersion relation one can relate T1 at |ω| < 1 to
physical region 1 < |ω| < ∞

T1
(
ω,Q2)− T1

(
0,Q2) = 4ω2

∫ 1

0
dxxF1

(
x,Q2)

1− (ωx)2

=
∑
n

4ω2n
∫ 1

0
dxx2n−1F1

(
x,Q2)

but we know
F2

(
x,Q2) = 2xF1

(
x,Q2) (Callan-Gross)

F2
(
x,Q2) = e2qx (q (x) + q (x)) (Parton Model)

so
=

∑
n

2ω2n ⟨x2n−1⟩
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lattice situation

→ »Just« calculate the four point function∫
d3xd4yd4zeip·xeiq·ye−iq·z ⟨χ (x) T {Jµ (y) Jν (z)}χ† (0)

⟩

→ Other techniques to get at PDFs
• Heavy quark currents
• Current-current correlators
• Quasi-PDFs
• Pseudo-PDFs

→ Complementary new method using
Feynman-Hellmann theorem
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feynman-hellmann theorem

→ Calculate matrix elements using two point methods,
ie. energy eigenstates

Modify Action

S → S+ λ

∫
d4x cos (q · x) J (x)

Feynman-Hellmann Theorem

dEX,p
dλ

∣∣∣∣
λ=0

=
1

2EX,p
⟨X,p | J (0) |X,p± q⟩
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lattice caveat

Connected

→ Modify quark
propagator

→ High correlation for
different λ

Disconnected

→ Modify weighting
→ No correlation for

different λ
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things feynman-hellmann can do

→ Large momentum EM
form factors

→ Disconnected spin
contribution to nucleon
spin
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extension

Modify Action

S → S+ λ

∫
d4x cos (q · x) J (x)

Second Order FHT

d2E
dλ2

∣∣∣
λ=0

=−
⟨p | ∫ d4ξ2 cos(q·ξ)TJ(ξ)J(0) |p⟩

2E
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lattice details

L3 × T β κ mπ(MeV) Ncfg Nsrc/cfg

323 × 64 5.5 0.1209 470 O (2000) 1− 3
323 × 64 5.4 0.11993 470 O (1000) 1
323 × 64 5.65 0.122005 470 O (500) 1

→ Q2 from 1− 16 GeV2, via various q in between [2, 1, 0]
and [7, 4, 0]

→ Different ω = 2p·Q
Q2 by different sink momenta

→ Renormalisation constant ZV for lattices known
→ QCDSF O (a) improved action
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=
∑

n 4ω2n
∫ 1
0 dxx2n−1F1(x,Q2)
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remember cat’s ears

“Handbag” Diagram

Twist 2 or Leading Twist

“Cat’s Ears” Diagram

Higher Twist
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deep inelastic scattering

→ Experiment limited in quark
content of targets (Ignoring
heavier quark terms)

Tproton = 4
9T

uu +
1
9T

dd − 2
9T

ud+du

Tneutron = 1
9T

uu +
4
9T

dd − 2
9T

ud+du

→ Lattice extraction of more
combinations Tuu, Tdd,
Tuu + Tdd + Tud+du,
Tuu + Tdd − Tud+du
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conclusion

→ Looked at higher twist contributions, and quark
flavour decomposition

→ Want to determine F2, g1 and g2
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